This study aimed to clarify whether the age-related decline in selective attention widely reported in the literature can be attributed to a selective deficit in the segregation of relevant streams of sounds from irrelevant ones. Young and older individuals responded to infrequent deviant stimuli (targets) mixed with distractors in situations that facilitated perception of one or two streams of sounds. Both young and older adults showed the same degree of improvement in performance under conditions that promoted auditory streaming. However, in both listening conditions young subjects were faster and more accurate than older subjects in responding to target tones. Thus, it appears that agerelated declines in auditory selective attention cannot be attributed to a selective deficit in the segregation of auditory sequences, but occur in a subsequent stage of processing such as response selection and/or execution.
T^LDERLY people show deficits in a variety of auditory A-' selective attention tasks (Barr & Giambra, 1990; Iragui, Kutas, Mitchiner, & Hillyard, 1993; Tun & Wingfield, 1993) . The nature of the age-related decline in selective attention has attracted considerable interest in recent years. Evidence suggests that attention deficits in older adults may relate to difficulties in auditory discrimination, particularly as seen in tasks involving frequency discrimination with short duration tones (e.g., Abel, Krever, & Alberti, 1990; Cranford & Stream, 1991) . Age-related changes in selective attention may also reflect deficits in the preattentive mechanism critical for the organization of sounds. For example, Ferguson, Hashtroudi, and Johnson (1992) found that older adults had difficulty in distinguishing the location of sounds when the perceptual cues between the sounds were similar (e.g., two female speakers), but overcame this difficulty when the perceptual cues were more distinctive (i.e., a male and a female speaker). Furthermore, older adults experienced more difficulties in using multiple redundant cues (e.g., pitch and location) to enhance their attentional focus than did young adults. This suggests that difficulties in segregating relevant input streams from irrelevant ones may contribute to age-related declines in auditory selective attention.
Auditory stream segregation refers to the perceptual process of dividing successive or overlapping sounds into distinct groups of sounds. For example, when a rapid sequence (e.g., 8 tones/second) of low and high tones is presented, subjects perceive two separate auditory streams, one consisting of low tones and the other of high tones. The perception of distinct auditory streams is influenced by several factors, including the frequency difference between the tones and the rate of presentation (for a review see Bregman, 1990) . Because the ability to parse sounds into separate perceptual streams is critical for distinguishing auditory stimuli from one another in selective listening (e.g., Alain & Woods, 1993) , we were interested in the role of age-related changes in auditory streaming in auditory selective attention experiments. We have previously observed that clustering of distractors by their frequency improves subjects' performance in detecting infrequent deviant stimuli (targets) embedded in the sequence of distractors (Alain & Woods, 1993 , 1994 . Presumably, target discriminability improves because the pitch similarity between the distractors allows them to be grouped into a perceptual stream that is separated from that of the targets. In the present study, we used a similar paradigm to compare the effect of clustering by frequency in performance in young and older adults.
METHOD

Subjects
Thirty-two adults (16 young subjects between 18 and 24 years, mean age = 21, and 16 elderly subjects between 58 and 84 years, mean age = 68) participated in the study. The subjects had no history of neurological disease, drug or alcohol abuse. All subjects were screened for excessive hearing loss. The young subjects had normal hearing within the frequency range used in the current study (below 15 dB HL in all cases), whereas seven elderly showed mild hearing loss (between 20 and 35 dB HL). All subjects gave informed consent according to University of California at Davis and Veterans Administration Medical Center guidelines. Young subjects received course credit or were paid for their participation. Elderly subjects were paid for their participation.
Stimuli, Procedure, and Data Analysis
The stimuli consisted of pure tones, ranging from 841 to 2000 Hz. The tones were 40 ms in duration with 5 ms rise/ fall times. They were presented monaurally at 80 dB SPL through THD-39 earphones to the left or right ear at a constant inter-stimulus interval (80 ms). Broadband noise (70 dB SPL) was presented to the opposite ear to mask environmental noise.
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Stimulus sequences consisted of a four-tone pattern presented repetitively (see Figure 1) . Two clustering conditions were presented. In the evenly spaced (ES) condition, the four standard frequencies were equally spaced at three semitone intervals (1000, 1189, 1414, and 1682 Hz). (A semitone corresponds to the interval between two adjacent musical notes. The frequency ratio is roughly 1.06 for all pairs of adjacent notes.) In the clustered (CL) condition, the two middle frequencies were shifted by two semitones toward the extreme frequencies (1000, 1059, 1587, and 1682 Hz). Clustering by frequency was expected to favor auditory streaming because sounds that are near one another in frequency show a tendency to be perceptually grouped with one another (Bregman, 1990) . Two infrequent tones (each 2% probable), one three semitones higher and the other three semitones lower than the extreme frequencies (i.e., 841 Hz and 2000 Hz), were intermixed randomly with the standard tones. There were eight stimulus conditions, type of clustering (ES or CL), ear of delivery (Left or Right), and attended pitch (High or Low). In different conditions, the subject pressed a button in response to a rare tone of designated frequency and ear of delivery (target). Each sequence consisted of a total of 3000 tones, including 120 tones that were either lower or higher in frequency than the background stimuli. Mean inter-target intervals averaged 6 seconds. The order of conditions was counterbalanced across subjects.
Only the reaction times (RTs) between 200 and 1000 ms following target stimuli were analyzed. Responses at other times were classified as false alarms (FAs). The effect of aging on RT and accuracy was first tested using a betweengroups analysis of variance (ANOVA) with clustering (ES vs CL), target pitch (Low vs High), and ear of delivery (Left vs Right) as variables. Ear of delivery did not produce a significant main effect, nor did it interact with other factors. Therefore, all subsequent analyses were collapsed across ear of delivery. Figure 1 . Examples of the stimuli presented in the two clustering conditions. In both examples, the extreme high frequency was to be attended, and subjects had to respond to high frequency targets (indicated with an asterisk). Top: evenly spaced (ES) condition; Bottom: clustered (CL) condition. Note that the extreme tones remained constant, whereas the middle frequencies varied across conditions. Elderly subjects were faster and more accurate in detecting low-pitch targets than high-pitch targets, whereas no differences were found for young subjects, producing a significant Age x Target pitch interaction for detection accuracy and RT [F(l,30) (The data from older adults were separately examined in order to evaluate whether auditory sensitivity or age correlated with performance. Neither age nor hearing loss correlated significantly with performance. There was no difference in performance between the first half and the second half of the experiment.) DISCUSSION Tonal clustering improved detection accuracy and reduced RTs to infrequent target tones in both the young and elderly listeners. Results suggest that the clustering manipulations facilitated the organization of sounds into one or two different streams. Presumably, in the ES condition all stimuli should have been processed as if they belonged to the same stream of sounds. In the CL condition, the increased similarity between the extreme and middle frequency tones appears to have facilitated a grouping of the tones into two distinct perceptual streams, one with the two low tones and another with the high tones. This grouping of tones decreases the time necessary to categorize the tones as targets or distractors. Clustering by frequency may help to focus and maintain attention more effectively on the relevant stream of sounds. Alternatively, clustering may increase a mutual cross-habituation of distractors which thereby reduces the 385 (7) 373 (6) 433 (10) 411 (9) •Standard error of the mean is shown in parentheses.
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saliency of nonattended tones. Target tones may therefore "pop out" more easily from the distractors. Older adults were less accurate and slower in detecting targets than young subjects, consistent with previous reports (e.g., Barr & Giambra, 1990; Ferguson, Hashtroudi, & Johnson, 1992; Tun & Wingfield, 1993) . Of particular interest in the present study is that young and older individuals showed a similar improvement in performance under conditions that promoted auditory streaming. If anything, the elderly tended to have greater RT facilitation in CL over the ES conditions (e.g., 22 ms) than did the young subjects (12 ms). Our results are consistent with those of Trainor and Trehub (1989) , who also found an age-related decline in performance on an order judgment task with no evidence of deficits in auditory streaming. Together, these findings suggest that aging has little influence on stream segregation and that the age-related declines in auditory selective attention might not be related to difficulties in segregating relevant streams of sounds from irrelevant ones.
The age-related decline found in the current experiment might be related to deficits in discriminating frequencies of short-duration tones (e.g., Abel et al., 1990; Cranford & Stream, 1991) . Alternatively, the age-related decline in performance may reflect a slowing in response selection and execution (Strayer, Wickens, & Braune, 1987) . This is consistent with electrophysiological studies that reveal that normal aging has little effect on event-related brain potentials (ERPs) associated with attentional selection, but delays ERPs associated with response selection and execution (Ford, Pfefferbaum, Tinklenberg, & Kopell, 1982; Knight, 1987; Woods, 1992) .
In conclusion, our results suggest that although older adults have greater difficulty than young adults in detecting targets among distractors, this difficulty is not due to a problem in auditory streaming. However, further studies are needed to evaluate whether the lack of interaction between aging and clustering by frequency can be generalized to other streaming contexts, such as auditory stream segregation based upon location or intensity attributes.
